Abstract. Five ground-based differential interferometric synthetic aperture radar (GB-DInSAR) surveys were conducted between 2005 and 2007 at the rock slope instability at Randa, Switzerland. Resultant displacement maps revealed, for the first time, the presence of an active basal rupture zone and a lateral release surface daylighting on the exposed 1991 failure scarp. Structures correlated with the boundaries of interferometric displacement domains were confirmed using a helicopter-based LiDAR DTM and oblique aerial photography. Former investigations at the site failed to conclusively detect these active release surfaces essential for kinematic and hazard analysis of the instability, although their existence had been hypothesized. The determination of the basal and lateral release planes also allowed a more accurate estimate of the currently unstable volume of 5.7±1.5 million m 3 . The displacement patterns reveal that two different kinematic behaviors dominate the instability, i.e. toppling above 2200 m and translational failure below. In the toppling part of the instability the areas with the highest GB-DInSAR displacements correspond to areas of enhanced micro-seismic activity. The observation of only few strongly active discontinuities daylighting on the 1991 failure surface points to a rather uniform movement in the lower portion of the instability, while most of the slip occurs along the basal rupture plane. Comparison of GB-DInSAR displacements with mapped discontinuities revealed correlations between displacement patterns and active structures, although spatial offsets occur as a result of the effective resolution of GBDInSAR. Similarly, comparisons with measurements from total station surveys generally showed good agreement. Discrepancies arose in several cases due to local movement of blocks, the size of which could not be resolved using GBDInSAR.
The Randa rockslope instability
In the spring of 1991 two large rockslides occurred above the village of Randa in the Matter Valley (southern Swiss Alps). Within a three week period, a total volume of 30 million m 3 of rock was released. The resulting talus cone dammed the river and formed a lake, which flooded the nearby village (Schindler et al., 1993) . The kinematics and mechanisms of the 1991 events were studied by Sartori et al. (2003) and Eberhardt et al. (2004) . One legacy of these failures was the formation of an 800 m high scarp, behind which an estimated 3-9 million m 3 (Ischi et al., 1991) of rock remains unstable. In 1995, a geodetic network, consisting of seven 3-D reflectors and eighteen 1-D reflectors located in the crown and along the edge of the scarp, was setup to monitor rock mass displacements (Jaboyedoff et al., 2004) . The kinematics of the current instability was investigated in a research project begun in 2001, which included field mapping and borehole logging (Willenberg et al., 2008a) , geophysical imaging of the 3-D extent of discontinuities (Heincke et al., 2005 and 2006; Spillmann et al., 2007a) , monitoring of micro-seismic activity associated with rock mass deformation (Spillmann et al., 2007b) , as well as surface crack and borehole monitoring (Willenberg et al., 2008b) . Displacements resolved from total station measurements were used to approximate the extents of the moving mass. However, due to their sparse distribution, large uncertainties remained. The deformation pattern was interpreted as block toppling in the upper part of the instability (Loew et al., 2007) . A basal rupture surface was postulated by Jaboyedoff et al. (2004) by interpreting geodetic data and later by Willenberg et al. (2008b) . However, it could not be detected with geophysical imaging or within a 120 m deep borehole. All previous investigations were limited to the accessible area at the top of the instability, whereas large portions of the currently unstable rock mass could not be studied due to the inaccessibility of the nearly 800 m high cliff face. Inspection of photographs of the 1991 failure surface could not conclusively prove the existence of a basal rupture plane or other active structures that may outcrop on the scarp, since the pattern of faults and joints is too complex and no in-situ monitoring is available to confirm movements.
In this manuscript we present data from five ground-based differential InSAR (GB-DInSAR) surveys carried out between September 2005 and September 2007. We first describe relevant technical details about the technique, the surveys at Randa and the processing of the data. Displacement maps obtained from these surveys are then interpreted towards the observation of active large-scale release structures bounding the instability, which have remained undetected by previous investigations. The datasets are also compared to the structural map by Willenberg et al. (2008a) and to results from complementary geodetic surveys and microseismic monitoring. Observations are discussed in terms of their implications for kinematics of the rock slope instability, as well as with regards to the spatial and temporal resolution limitations of the technique.
2 Ground-based differential radar interferometry
The GB-DInSAR technique
Ground-based synthetic aperture radar interferometry is an established, reliable method for spatial displacement monitoring of rock slopes (e.g. Tarchi et al. 2003a, b; Lingua et al., 2008) , and is especially valuable when inaccessibility prohibits the application of other traditional monitoring techniques. For ground-based systems, the synthetic aperture radar (SAR) method relies on linear translation of an antenna-transmitter pair to create a synthetic aperture (i.e. an antenna length in the range of 2.0-2.7 m). A series of observations are combined in post-processing as if they had been made simultaneously using a large antenna, providing the resolution in azimuth (Tarchi et al., 2003a, b) . The resulting SAR image is a map of complex numbers containing both the amplitude and the phase of the radar signals reflected by the target. The range resolution cell size of such images is inversely proportional to the frequency bandwidth of the system, whereas the azimuthal resolution is inversely proportional to the synthetic aperture length. Two subsequent SAR images can be combined to create an interferogram (i.e. a GB-DInSAR image) by extracting the phase difference ϕ between the two acquisitions from the complex values of each resolution cell. The corresponding displacement ( s) is then obtained as:
where λ is the wavelength of the signals. An important property of the GB-DInSAR method is the ambiguity of the phase differences, which can only vary between ±π. Thus, displacements smaller or larger than ±λ/4 result in apparent values between ±λ/4 differing from the real value by a multiple of the full wavelength. This effect is called phase wrapping and is important for interpretation of GB-DInSAR displacement maps. The reliability of GB-DInSAR data is controlled by both the reflectivity of the ground and temporal decorrelation between acquisitions. Reflectivity of a surface determines the strength of the signal reflected back to the receiver by the target, i.e. the reflected power. It is generally low for densely vegetated areas and smooth targets not perpendicular to the line-of-sight (LOS). Decorrelation results from strong movements within a resolution cell between two acquisitions, e.g. due to unstable debris cover or differential displacements. A measure of the strength of decorrelation is the signal coherence from two subsequent acquisitions, which is defined as:
where m and s are the complex numbers of two acquisitions for one particular resolution cell, (*) denotes complex conjugate, and E signifies the expectation value. The signal coherence is a number between 0 and 1 and is a measure of the similarity of the transmitted and the received signal. In an interferogram, unreliable data can be masked by setting a threshold for both reflected power and coherence. Further processing steps are commonly performed on GB-DInSAR images, e.g. multi-look filtering (Lee et al., 1994) and other filters, which often lower the theoretical spatial resolution of the system since neighboring cells are no longer independent.
GB-DInSAR data acquisition and processing at the Randa instability
The 1991 failure surface of the Randa rock slope instability is well suited for application of GB-DInSAR due to the absence of vegetation and the possibility to align the radar such that the LOS is sub-parallel to the rock mass displacements. Between 2005 and 2007, five GB-DInSAR measurements were conducted by Ellegi Srl (Milano, Italy) using their GB-DInSAR system called LiSA. The LiSA base station was located at 1560 m a.s.l. on the valley wall opposite the 1991 failure scarp. System specifications and acquisition parameters for these radar surveys are summarized in Table 1 , while campaign dates and time intervals are shown in Table 2 . Methods employed in processing radar images are described by Fortuny and Sieber (1994) and Tarchi et al. (2003a, b) , while some relevant points concerning the Randa datasets are described here. Since Ellegi Srl also processed the Randa data using their proprietary methods, we can only give a basic description of the processing steps.
To exclude unreliable phase measurements, the thresholds for coherence and reflected power given in Table 1 were used. The radar data were gridded on a regular 2×2 m Cartesian grid (Leva et al., 2003) , which is smaller than the theoretical resolution of the system (1.9×4-6.5 m, Table 1 ). This interpolation is used to prevent aliasing during later processing, but also means that the images cannot be interpreted on the level of single pixels. A proprietary multi-look filter was used to help reduce phase noise due to the speckle effect (Lee et al., 1994) , i.e. a number of independent views of the scene were averaged to smooth the grainy character of nonaveraged views. Other proprietary post-processing steps, the details of which are not available to the authors, involve filters running over 7×7 pixels in the case of the Randa acquisitions. Thus, the resulting images have an effective resolution of 14×14 m. Values of single pixels are therefore not independent of their neighboring pixels, and thus differential displacement patterns can only be interpreted if they are consistent over a distance greater than the effective resolution. Finally, the images were overlain on a hill-shaded DTM with resolution of 0.5 m, which was derived from helicopter-based LiDAR data (acquired by Helimap Systems SA). An overview of the GB-DInSAR scene including the base station position, the line-of-sight, as well as the locations of detail figures described later is given in Fig. 2 (displacement image between October 2006 and June 2007; 248 days). All displacement maps reveal a similar overall pattern. In the talus at the bottom of the images (region (a) in Fig. 1 ), measured displacements suffer from decorrelation and phase wrapping (displacements > λ/4). Displacements on image B (59 days interval), however, show a consistent pattern interpreted as consolidation of the debris cone (Fig. 3) . On the same image, an elongated decorrelation pattern close to the steep orthogneiss cliff on the debris cone correlates with active debris flow channels. The steep orthogneiss cliff just above the talus (region b) is stable throughout all measurements. Above this stable cliff is a sharp transition to unstable rock (region d), which is best observed on image C (316 days interval). In region (d), displacements are relatively uniform over a large area. Slightly higher displacements in this region result in phase wrapping on image C, i.e. sudden transitions between negative (red) and positive (blue) displacements. To the south of region (d), a large portion of the 1991 scarp is covered with debris (region c). Decorrelation due to debris movement limits interpretation in this area. Region (e) delineates a portion of the scarp which is primarily stable, although some blocks moving towards the scarp edge can be seen. Above region (d) and to the north of the stable region (e), displacements increase towards the top of the scarp (region f). Here, the greatest displacements were measured. The transition from the uniformly moving region (d) to region (f) occurs at about 2200 m. This transition is clearly visible on image B, whereas image C suffers from phase wrapping. Above region (f), some data gaps occur in grassy areas due to decorrelation and shadowing. In the upper part of the images (region g) extended stable areas are found.
Results

Displacement maps
GB-DInSAR image maps showing displacements between
Release planes identified on GB-DInSAR displacement maps
The lower boundary of the unstable rock mass can be identified by a sharp transition from 0 mm displacement (region b) to 4 mm displacement (region d) on image C in Fig. 1 (enlarged in Fig. 4 ). The magnitude of the displacement rate and the location of the transition are consistent across all images. The location of this transition corresponds to the trace of the boundary between the two primary lithologies on the rock slope: strongly fractured paragneiss and schist overlaying more competent orthogneiss. However, the lithological boundary is sub-parallel to foliation and dips into the slope at roughly 20 • . Water discharge is often observed along this boundary after snow melt and heavy rainfall. This structure can also be identified on high resolution aerial photographs (Fig. 4) . The transition between the stable cliff and the instability above is characterized by a sharp increase in displacement over one pixel, or by decorrelation across 2-3 pixels. Bearing in mind that the original range resolution before interpolation is about 2 m wide, this decorrelation pattern can be interpreted as differential displacement causing loss of coherence. This indicates that deformation is concentrated at the base of the instability within one resolution cell, or a narrow zone only a few meters wide. GB-DInSAR displacement maps also indicate that the transition zone has a minimum length of 150-200 m. We interpret this feature as the basal rupture zone of the instability.
The southern boundary of the instability can also be identified on the GB-DInSAR displacement maps (Fig. 5) . It is characterized by a sub-vertical, sharp transition between 0 mm displacement in the south (region (e) in Fig. 1 ) and a displacement pattern in the north that shows increasing displacements from 4 to 12 mm to the top of scarp (region (f) in Fig. 1) . Note that the apparent positive values result from phase wrapping. High resolution photographs and the Li-DAR DTM show that this lateral boundary coincides with a fault surface oriented 095/70, containing striations that dip towards the valley. The surface also corresponds to a lateral release plane from the 1991 rockslides. According to the displacement maps, the stratum underlying the fault is stable although some isolated toppling blocks near the scarp can be identified. To the north, the overlying unstable stratum is composed of blocky and highly fractured rock. The intersection of this plane with the ground surface shows that it matches well with steeply dipping, NS-striking faults mapped by Willenberg et al. (2008a) . We conclude that this fault corresponds to the southern release plane of the current instability.
Active structures within the instability
A more detailed analysis of deformation patterns within the instability was carried out in order to identify additional active structures critical for kinematic analysis, as well as to explore the resolution limits of the GB-DInSAR technique in structural analyses. The GB-DInSAR displacement maps were first overlain with a map of large-scale discontinuities (faults and fracture zones) obtained from extensive field investigations in the accessible part of the 1991 rockslide crown (Willenberg et al., 2008a) (Fig. 6) . The discontinuities are drawn in black if there are corresponding displacement patterns noted on the GB-DInSAR maps (such as steps in the displacement or elongated patterns of decorrelation) and in grey otherwise. In case of correlation between GB-DInSAR displacement patterns and mapped discontinuities, the alignment is usually not perfect but often offset by a few pixels (Fig. 6) . Mostly discontinuities which belong to a set striking nearly perpendicular to the LOS of the GB-DInSAR show correlation. This is expected since such discontinuities usually have the largest differential displacement component along the LOS. The opening rates of discontinuities Z1 and Z9 have been monitored with periodic hand measurements over the last 7 years, and are 3.5 mm/yr and 2.3 mm/yr, respectively. Opening rates for these discontinuities were also estimated from the GB-DInSAR data by extracting displacements from both sides of the cracks from all time intervals. The time series' derived reveal opening rates of 2.7±0.6 mm/yr for Z1 and 1.9±0.6 mm/yr for Z9, 5 . GB-DInSAR displacement map (left), high resolution photo (middle), and shaded LiDAR DTM of the lateral release surface (oblique aerial view). This structure can be identified by the transition from 0 mm displacement on the left to more than 4 mm on the right. The unstable part on the right suffers from phase wrapping. On the photo and DTM, this transition can be seen as a wedge structure with a striated, smooth plane on the left and highly fractured rock on the right. The color scale for the GB-DInSAR image is the same as in Fig. 1 . Location is shown in Fig. 2 . 2008a) overlain on the GB-DInSAR displacement map representing 248 days of displacement. Although the displacement map is strongly affected by phase wrapping, some patterns clearly correlate with mapped discontinuities. For the discontinuities Z1 and Z9 opening rates were estimated using the GB-DInSAR displacements and compared to opening rates measured by hand. The GB-DInSAR derived opening rates gave similar but slightly lower values.
which are slightly lower than the opening rates from field measurements. Such discrepancies can be expected since the direction of relative displacement across these discontinuities deviates from the LOS of GB-DInSAR.
The GB-DInSAR displacement maps were also overlain with structures mapped on the 0.5 m LiDAR DTM from the inaccessible 1991 scarp surfaces in order to identify previously unmapped active discontinuities within the unstable rock mass. Figure 7 shows structures within the 1991 failure surface that correlate with GB-DInSAR displacement patterns in black, while structures not correlating with displacement patterns are shown in grey. Two local toppling instabilities superimposed on the large-scale unstable rock mass could be identified in photographs (inset in Fig. 7) . In addition to the lateral release surface and the basal rupture plane, only a few structures within the unstable portion of the 1991 failure surface were found to correlate with GBDInSAR displacement patterns. Furthermore, the differential displacement along these structures is small with the exception of the local toppling instabilities. Thus, the large-scale movement of the rock mass is mainly controlled by the basal and the lateral release planes. Especially in the lower portion of the instability only little internal deformation/shearing occurs along large-scale discontinuities. 
Comparison of GB-DInSAR displacements with geodetic displacement measurements
Since 1996, displacements of seven 3-D retro-reflectors were measured by surveying a geodetic network with a total station once or twice per year (Willenberg et al., 2008b; Jaboyedoff et al., 2004) . The resultant vectors have an azimuth of 135-140 • , which is sub-parallel to the LOS of the GB-DInSAR. Another 18 points were surveyed using a total station positioned on a monument close to the GBDInSAR base station resulting in a similar LOS. The total station surveys and the radar surveys were performed at times less than 50 days from each other. Displacement time series were derived from the five GB-DInSAR measurements at the locations of the geodetic reflectors by summing the displacements between each time interval. Figure 8 shows the time series for both GB-DInSAR and geodetic measurements, as well as the locations of these points on an unwrapped (i.e. phase wrapping removed) displacement map between the 2nd and 3rd repeat measurements (248 days interval). The error bars are 2.5 mm for the geodetic measurements and 1 mm for each GB-DInSAR repeat measurement. The latter error sums for each subsequent measurement. Comparison of the time series from both methods shows good agreement in most cases. However, in some instances GB-DInSAR shows lower velocities than the total station measurements (points 110, 130, and 151; Fig. 8 ), the average of these rate discrepancies is around 3 mm/yr. Time series were also derived for points showing greater displacement than all geodetic points (red colors in the unwrapped Fig. 8 ). They show maximum velocities of about 20 mm/yr, which is greater than those measured with the 3-D geodetic network (∼14 mm/yr).
Comparison with micro-seismic activity
Between 2002 and 2004, a seismic array consisting of 3 borehole geophones and 9 surface geophones recorded microseismic activity originating within the instability (Spillmann et al. 2007b) . A probabilistic location algorithm taking into account a 3-D seismic velocity model was applied to the 223 events recorded by the array. The result of this procedure is a probabilistic density function (PDF) map, which shows areas of enhanced seismic activity (Fig. 9a) . Willenberg et al. (2008b) pointed out that the seismic activity is generally distributed within the assumed instability boundaries, and that patches of high seismic activity tend to occur along mapped faults and fracture zones. The distribution of seismic activity partially correlates with the GB-DInSAR displacements map (Fig. 9b) . The patches of high seismicity lie mostly within the mapped instability boundary as derived from GB-DInSAR. Furthermore, the areas with the highest displacement rates at the edge and top of the scarp correlate with an extended zone of enhanced seismic activity, which implies that the high displacements are accompanied by strong internal deformation and shearing. The areas of low seismicity below correspond to the more uniformly moving areas on the GB-DInSAR maps (Fig. 1, region d) . However, this region cannot be conclusively mapped as a low activity area, since the recorded seismicity may be adversely affected by high seismic attenuation within the strongly fractured rock mass.
Discussion
Spatial resolution
The spatial resolution of GB-DInSAR displacement maps is not only a function of the theoretical system resolution, but also influenced by post-processing filtering methods. Resolution is lowered by these filters as the signals are smeared over a few resolution cells (Tarchi et al., 2003a) . Measured displacements are therefore representative of an extended area resulting in an effective resolution lower than the theoretical resolution given by the system properties (in our case 14×14 m instead of 1.94-6.5 m), and objects with high reflectivity contribute more to the measured values. A comparison of mapped discontinuities and the GBDInSAR displacements (Fig. 6) shows that many discontinuities correlate with GB-DInSAR displacement patterns, although deviations of a few pixels occur. Opening rates across two discontinuities derived from GB-DInSAR are somewhat lower than field measurements. Such discrepancies can be caused by displacements oblique to the LOS and post-processing filters smearing displacements over a 14×14 m area, although small errors in geo-referencing of the GB-DInSAR images can also introduce further discrepancies. Within the scarp created by the 1991 failures, only a few discontinuities were found to correlate with strong differential displacements on the GB-DInSAR maps. Limited resolution is a possible explanation for this observation, since sharp changes in the displacement pattern may be smoothed through filtering. However, it remains unknown whether such sharp differential displacement patterns are absent within the scarp due to filtering or because the real displacement field within the lower part of the current instability is continuous rather than localized along active structures. Continuous deformations could result from large-scale basal sliding, where large portions of the rock mass move at similar rates.
Resolution limitations can also explain discrepancies between displacement rates derived from GB-DInSAR and geodetic measurements. When a geodetic reflector moves at a different rate than the surrounding area because it is installed on a locally unstable block, the GB-DInSAR and geodetic measurements may not show the same displacements. Points 110, 130, and 151 (Fig. 8) show higher velocities for the total station than for the radar measurements, which likely results from blocks that move locally faster than the surrounding rock mass. An example is displayed in Fig. 10 for point 110. Willenberg et al. (2008b) and from this study are included. The velocities indicated are the displacement rates derived from GB-DInSAR.
Such observations illustrate the spatial resolution limitations of GB-DInSAR, which are important to acknowledge in any attempt to interpret displacement patterns on a scale close to the effective resolution of the system. Differential displacements along active fractures can only be interpreted properly if their spatial extent and displacement difference is large enough to not be affected by resolution limits and filtering effects.
Temporal resolution
GB-DInSAR surveys at the slowly moving Randa rockslide showed that phase wrapping occurs when the time interval between repeat surveys was longer than about 100 days. This value may change with variable deformation rates expected throughout the year. Phase unwrapping simplifies interpretation but introduces error and loss of data coverage (Fig. 8) . For kinematic analysis it is essential to detect structural boundaries, such as a basal rupture zone, which requires a time interval sufficient to accumulate measurable deformation. Therefore, a trade-off exists between time intervals short enough to avoid phase wrapping and decorrelation, and long intervals that allow important structures to become distinguishable. Ideally, one would choose shorter time intervals and more repeat measurements. However, this is expensive in terms of both labor and cost. In our study, just four interferograms were available over a total period of 2 years. Nonetheless, individual images representing both short and long intervals provide complementary information.
Volume calculation
Using the identified release planes, combined with mapped structures and the LiDAR DTM, we were able to define likely boundaries of the unstable rock mass at the Randa rockslide. We estimated the total volume to be 5.7±1.5 million m 3 , which lies within the range given by Ischi et al. (1991) . An orientation of 095/70 was used for the lateral release plane, while an orientation of 135/40 for the basal shear zone was found to best match the trace observed with GB-DInSAR. This orientation also matches the orientation of the basal failure surface of the second 1991 event (Sartori et al., 2003) and the azimuth of geodetic displacement vectors. For the back boundary to the north-west a nearly vertical plane as given by Willenberg et al. (2008a) was assumed. The northern boundary of the instability remains uncertain since it lies in a partly shadowed and vegetated area with unreliable GB-DInSAR data. Two scenarios for the northern boundary were used to delineate the rock mass: 1. the uninterrupted trace of the basal rupture zone daylighting to the north, or 2. a plane dipping steeply to the south and cutting the basal rupture surface at depth. The volume estimates for both scenarios differed by 0.6 million m 3 for these two scenarios and were averaged for the final number.
Implications for kinematics
A preliminary analysis of the kinematics of the current instability can be deduced from displacement patterns. A 2-D conceptual model of the kinematics of the instability is displayed in Fig. 11 , which combines results from both Willenberg et al. (2008b) and this study. The block toppling mechanism suggested for the top of the instability is confirmed by the GB-DInSAR images, which show a gradual increase of displacements from 4.4 mm to about 12 mm over a vertical distance of ∼150 m towards the top edge of the scarp (region (f) in Figs. 1 and 4) . As shown on the micro-seismic activity maps by Spillmann et al. (2007b) in Fig. 9 , internal deformation and shearing within this region are strongest, where the displacements rates are highest. Below the top of the scarp, a large area showing nearly uniform displacements (region (d) in Fig. 1c) suggests different kinematic behavior for the lower portion of the instability. This rather uniformly moving area has a displacement magnitude similar to that just above the basal rupture zone. Within this area only few sharp changes in the displacement field are found, as demonstrated in Fig. 7 . Possibly only a few discontinuities are active within lower parts of the instability, whereas most of the deformation is localized along the basal rupture plane. We interpret this displacement pattern as translational movement on a planar or stepped shear surface, as hypothesized by Willenberg et al. (2008b) , Jaboyedoff et al. (2004) , and Sartori et al. (2003) . The transition between toppling and translational failure occurs at a sharp change of the slope angle in the 1991 failure scarp from about 80 • at the top to about 60 • below. The displacement rate on the basal rupture surface is estimated to be ∼4.4 mm/yr. Some small-scale displacement patterns deviating from this uniform rate in this region are interpreted as superimposed secondary instabilities as shown in Fig. 7 .
Conclusions
Displacements associated with a large-scale basal rupture zone and lateral release zone bounding the current instability at the Randa rockslide were detected using GBDInSAR. Structures associated with these displacements were confirmed with high resolution aerial photographs and a helicopter-based LiDAR DTM. The basal rupture zone is a highly persistent, narrow structure daylighting at the boundary between orthogneiss overlain by fractured paragneiss. Previous borehole surveys failed to intersect the basal rupture surface due to insufficient depth. The lateral release surface in the south was identified as a striated and steeplydipping fault, which can be regarded as the continuation of a lateral release surface from the 1991 rockslides. Both of these bounding structures outcrop on the inaccessible 1991 failure scarp and were not conclusively detected by previous investigations. The volume of the current instability was estimated to be 5.7±1.5 million m 3 , and the area of the instability with maximum displacement rate (up to ∼20 mm/yr) was identified. Displacement patterns confirm block toppling in the upper part of the instability accompanied by microseismic activity suggesting some degree of internal deformation/shearing of the rock mass. The lower portion of the instability exhibits little differential displacement along discontinuities except for the basal rupture plane. Translational failure is thus suggested for lower regions of the instability as opposed to toppling at the top of the instability.
Many of the large discontinuities previously mapped within the accessible area at the top of the instability showed good correlation with displacement patterns on GB-DInSAR maps. In two cases, we could directly compare crack opening rates measured by hand and by GB-DInSAR, with good results. Comparison of GB-DInSAR displacements with total station measurements showed good agreement for most reflector points. However, three points showed higher velocities than measured with GB-DInSAR, which is likely due to local block movements. Such discrepancies also occur in the comparison of mapped structures with displacement patterns. They illustrate the influence of data filtering on the effective resolution of GB-DInSAR. For detailed interpretation of displacement patterns, such spatial resolution limitations of GB-DInSAR must be considered.
